Electrophysiological changes in basal ganglia neurons are hypothesized to underlie motor dysfunction in Parkinson's disease (PD). Previous results in head-restrained MPTP-treated non-human primates have suggested that increased bursting within the basal ganglia and related thalamic and cortical areas may be a hallmark of pathophysiological activity. In this study, we investigated whether there is increased bursting in substantia nigra pars reticulata (SNpr) output neurons in anesthetized and awake, head-restrained unilaterally lesioned 6-OHDA mice when compared to control mice. Confirming previous studies, we show that there are significant changes in the firing rate and pattern in SNpr neuron activity under urethane anesthesia. The regular firing pattern of control urethane-anesthetized SNpr neurons was not present in the 6-OHDA-lesioned group, as the latter neurons instead became phase locked with cortical slow wave activity (SWA). Next, we examined whether such robust electrophysiological changes between groups carried over to the awake state. SNpr neurons from both groups fired at much higher frequencies in the awake state than in the anesthetized state and surprisingly showed only modest changes between awake control and 6-OHDA groups. While there were no differences in firing rate between groups in the awake state, an increase in the coefficient of variation (CV) was observed in the 6-OHDA group. Contrary to the bursting hypothesis, this increased CV was not due to changes in bursting but was instead due to a mild increase in pausing. Together, these results suggest that differences in SNpr activity between control and 6-OHDA lesioned mice may be strongly influenced by changes in network activity during different arousal and behavioral states.
Introduction
Parkinson's disease is the second most common neurodegenerative disease, affecting nearly 1% of the population (Huse et al., 2005; Tanner and Goldman, 1996) . The disease is typically diagnosed when several dopamine-dependent motor signs are present, such as bradykinesia, muscle rigidity, and resting tremor. Current hypotheses of the neurological mechanisms underlying these motor deficits implicate changes in the electrical activity patterns of basal ganglia neurons after dopamine depletion, specifically increased oscillatory firing in the beta band, increased neural synchronization, and abnormally increased bursting (Galvan and Wichmann, 2008; Rubin et al., 2012) .
Electrophysiological studies have suggested that abnormal bursting may play a role in the pathophysiology of PD (reviewed by Lobb (2014)). Several studies in MPTP-treated non-human primates have found an increase in the percentage of 'bursty' basal ganglia neurons or the proportion of spikes in bursts in the internal segment of the globus pallidus (GPi) and the subthalamic nucleus using a variety of burst detection methods. However, inconclusive results have been found with neurons in the external segment of the globus pallidus (Bergman et al., 1994; Boraud et al., 1998 Boraud et al., , 2000 Sanders et al., 2013; Soares et al., 2004; Wichmann et al., 1999) . Increased bursting has also been seen in human PD patients during neurosurgical procedures targeting the STN and globus pallidus (Starr et al., 2005; Steigerwald et al., 2008; Tang et al., 2005 Tang et al., , 2007 in comparison to recordings from other neurological diseases (e.g. dystonia, essential tremor, and Huntington's disease).
One of the most widely used animal models of parkinsonism is the unilaterally 6-hydroxydopamine (6-OHDA)-lesioned rodent (Schwarting and Huston, 1996a,b) . Basal ganglia neurons recorded in vivo under anesthesia undergo significant changes in firing pattern after a 6-OHDA lesion, developing a strong preference to fire in-phase or anti-phase with cortical SWA (Belluscio et al., 2003; Hollerman and Grace, 1992; MacLeod et al., 1990; Magill et al., 2001; Mallet et al., 2012; Murer et al., 1997; Seeger-Armbruster and von Ameln-Mayerhofer, 2013; Tseng et al., 2001a Tseng et al., ,b, 2005 Walters et al., 2007; Zold et al., 2007) . Several studies in awake rodents have demonstrated that the spike trains of SNpr neurons in 6-OHDA-lesioned rats can become entrained to movement-related episodes of high beta in the local field potential (LFP) (Avila et al., 2010; Brazhnik et al., 2012 , Neurobiology of Disease 75 (2015 
